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EPRI TR-109546 

Heat Rate Improvement Manual

)

Condenser Pressure is the #1 Source of 

Controllable Excess Heat Rate
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Excess 
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1.2″Hg

Quantifying Condenser Performance
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Gross 

Generation

Condenser 

Design 

Pressure

Measured 

Condenser 

Pressure

Excess 

Condenser 

Pressure

100 MW 2.0″HgA 2.6″HgA 0.6″Hg

500 MW 3.0″HgA 3.8″HgA 0.8″Hg

1000 MW 4.0″HgA 5.2″HgA 1.2″Hg

Cleanliness Factor (%)
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Instrumentation
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Steam Duty

Condensate Flow

Condensate Temperature 

Condensate Chemistry

Air In-Leakage & 

Vacuum Equipment 

Capacity 

(patented)

Steam Pressure & Temperature 

Cooling Water Flow, 

Temperature & Fouling
(Patent Pending)

CW Inlet Temperatures

CW Outlet Temperatures

Total CW

Flow Rate

: put a microscope on 

your condenser



RheoVac® & Rheotherm®

Instruments  
www.intekflow.com

RheoVac® Multi-Sensor Probe (MSP) 

and Output Measurement Data
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Air Flow In-Leakage

(SCFM)

12.7

Water Vapor Flow

(lbs/hr)

206.1

Total Mass Flow 

(lbs/hr)

263.3

Actual Volume Flow

(ACFM)

769.3

Water Vapor 

Specific Volume

(ft3/lb)

223.4

Pressure

(“HgA abs.)

3.68

Water to Air Mass 

Ratio

(lbs/lbs)

3.62

Relative Saturation

(%RH)

93.2

Temperature

(°F)

119.2

Color Key

Air = Red Water = Blue Mixture = Purple
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Flow Rate
- local -

(fps)

Outlet 
Temperatures

- local -

(°F)

Heat Transfer
- direct measurement -

(Btu/Hr)

Cleanliness Factor
- baseline needed -

(%)

Installed in outlet waterbox tube ends

Unobstructed flow path

Circulating Water Flow and Fouling Meters

9
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Example Condenser Monitoring System
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CW In

CW Out
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Advanced Evaluations
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Advanced Evaluation #1

12

400 MW Unit

Ingersoll Rand Condenser

2 shells and 2 passes

Open cooling water system

Persistent macrofouling problem

Advanced Instrumentation
Package:

42 instruments 

Measuring:
P, T, Flow Rate, …
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Ineffective venting: degraded the bundle heat transfer coefficient by 40%

Normalized HTC

Air Storage Caused by Ineffective Venting
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AE#1
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Excess Heat 

Rate from 

Condenser

Low CW

Flow Rate

Air Storage
Micro-

fouling

Macro-

foulingHigh 

Air In-leak

Ineffective

Venting
Air Binding

160 Btu/kWh - - 40 Btu/kWh 60 Btu/kWh - 60 Btu/kWh

560 Btu/kWh - - 200 Btu/kWh 60 Btu/kWh - 300 Btu/kWh

140 Btu/kWh - - 0 Btu/kWh 80 Btu/kWh - 60 Btu/kWh
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Advanced Evaluation #2
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900 MW Unit

Westinghouse Condenser

2 shells and 2 passes

Closed cooling water system

Tube Scaling Problem

Advanced Instrumentation
Package:

77 instruments 

Measuring:
P, T, Flow Rate …
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AE#2

16

Excess Heat 

Rate from 

Condenser

Low CW

Flow Rate

Air Storage
Micro-

fouling

Macro-

foulingHigh 

Air In-leak

Ineffective

Venting
Air Binding

126 Btu/kWh - - - 106 Btu/kWh 20 Btu/kWh -

80 Btu/kWh - - - 70 Btu/kWh 10 Btu/kWh -

134 Btu/kWh - - - 112 Btu/kWh 22 Btu/kWh -
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Advanced Evaluation #2
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The poor performance could not be explained by scaling alone
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Basic vs. Advanced Evaluations: 
Defining Performance Degradation Mechanisms
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Excess 

Condenser

Pressure

Low CW

Flow Rate

Air Storage
Micro-

fouling

Macro-

foulingHigh Air

In-leak

Ineffective

Venting
Air Binding

0.6″Hg

0.8″Hg

1.2″Hg

Many of these degradation mechanisms have 
been well documented and studied 

Persistent air storage (air binding) due to poor 
condenser designs has been recently discovered 
and explained with better understanding of the 
condensation process.
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Example Condenser Retrofit Results

Westinghouse bundle design

Outage work:

¸ Dense Pack

¸ Admiralty Brass to SS304

¸ Intek Condenser Retrofit

19
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Postretrofit: Pressure Reduction

HEI method of pre-retrofit design

Pre-retrofit data

New design post-retrofit data

0.5 – 0.7″Hg reduction despite tube 

material change from admiralty to SS 20

AIL: 20 SCFM

AIL: 80-100 SCFM
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Back Pressure Improvement 0.5 - 0.7”Hg

Heat Rate Improvement ~85-122 Btu/kWhr

Before retrofit

Tube Material Admiralty Brass

DO @ CPD (all load) 20-35ppb

Polisher Lifetime ~ 30 Days

Air In-Leakage Limit 20 SCFM

Thermal Stratification (@ Tube Sheet) 20 oF

After retrofit

304 Stainless Steel

2-4 ppb

> 90 Days

85 SCFM*

4 oF

Retrofit Results

* Dependent on pump capacity, which varies with operating conditions.

Reduction in back pressure for all loads in all seasons with 
corresponding reduction in fuel consumption and emissions

Maintenance effort reduction due to increased AIL immunity from 
20 SCFM to 85 SCFM* at typical operating conditions

Condensate chemistry improved by reduction in dissolved gases 
(lower DO and dissolved inorganic carbon)

21
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Reduction in Gross HR

Retrofit outage Spring 2008

6.4% total HR reduction

1-2% from condenser

3% from dense pack upgrade
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Ingersoll Rand Pre Retrofit
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Ingersoll Rand bundle design

Outage work:

¸ Dense Pack

¸ Retubing

¸ Intek Condenser Retrofit
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Ingersoll Rand Design 

Pre-retrofit
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Ingersoll Rand Design 

Pre and Post -retrofit
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Post-Retrofit Data – >560 MW
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1.0 "HgA (3.4 kPa)

in HP

0.6 "HgA (2.0 kPa) 

in LP

@ 83°F    -77 Btu/kWhr or     +6.2 MW

Improved turbine pressure margin in summer months
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Special considerations for Heat Rate 

Improvement Via Condenser 

Improvements

Uprates

Seasonal or Permanent Heat input limited 

operations

Variable frequency drive cooling water 

pumps

Cooling tower units/higher inlet 

temperatures

27
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Conclusions

Poor condenser performance is often blamed 
solely on ‘cleanliness’, but is more often a 
result of many different factors.

Putting a microscope on your condenser 
quantifies the impact of individual 
performance degradation mechanisms.

This data can be used to make informed 
decisions to rectify those mechanisms that 
are economically worthwhile.

Many condenser designs remove air poorly 
and operate at much less than their potential.

These designs can be fixed with a retrofit, 
with a great increase in condenser 
performance.

28
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For More Information

Intek Semiannual Workshop

September 21-22 2011

Travel Workshops available

Published Documents

EPRI Balance of Plant 2008

ASME Power 2010

EPRI Condenser Technology 2008

EPRI Air In-Leakage Intrusion and Prevention Guideline –

published March 31, 2008 – TR#1014125

Intek technical literature

MyCondenser.com & IntekFlow.com

Tutorials, case studies, plotting tools, diagnostic modules, 

forums, condenser calculators …
29
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END
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